Sperm competition occurs when the sperm of multiple males concurrently occupy the reproductive tract of a female and compete to fertilize an egg. We used a questionnaire to investigate psychological responses to the risk of sperm competition for 237 men in committed, sexual relationships. As predicted, a man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation reported (a) greater sexual interest in his partner, (b) greater distress in response to his partner's sexual rejection, and (c) greater sexual persistence in response to his partner's sexual rejection. All effects were independent of total time since the couple's last copulation and the man's relationship satisfaction. Discussion addresses limitations of the current research and situates the current results within the broader comparative literature on adaptation to sperm competition.
Competition between males to fertilize a female's egg(s) can occur before, during, and after copulation (Parker, 1970a (Parker, , 1970b (Parker, , 1984 ; also see Birkhead & Møller, 1998) . When the sperm of two or more males concurrently occupy the reproductive tract of a female and compete to fertilize her egg(s), sperm competition occurs (Parker, 1970a) . Sperm competition has been documented or inferred to exist in many species, ranging from molluscs (Baur, 1998) , crustaceans (Van Son & Thiel, 2006) , and insects (Simmons, 2001 ) to birds (Birkhead & Møller, 1992) , reptiles (Rivas & Burghardt, 2005) , and humans (Baker & Bellis, 1989 , 1993 Gallup et al., 2003; Shackelford & Goetz, in press; Shackelford, Pound, & Goetz, 2005; Smith, 1984; Starratt, Shackelford, Goetz, & McKibbin, in press ). Avian sperm competition research is particularly interesting for students of human mating because humans and many avian species share similar mating systems, adaptive problems, and adaptive solutions .
Most avian species practice social monogamy (Birkhead & Møller, 1992 ), a mating system in which males and females form long-term pair bonds but also pursue extra-pair copulations. Males gain access to the reproductive value of females, whereas females gain access to the paternal investment of males. This exchange of reproductive resources is rarely exclusive in socially monogamous species, however. Genetic analyses document that social monogamy in birds does not necessarily indicate sexual and genetic monogamy (e.g., Burke, Davies, Bruford, & Hatchwell, 1989) . Female extra-pair copulation in socially monogamous birds is widely documented and is the primary context for sperm competition (Birkhead & Møller, 1992) .
The socially monogamous avian mating system-and the female extra-pair copulation that is the primary context for sperm competition-also is characteristic of humans. Humans are socially monogamous, with both sexes engaging in extra-pair copulation under predictable conditions (Baker & Bellis, 1989 , 1995 Buss, 2003; Gangestad, Thornhill, & Garver-Apgar, 2005a) . Smith (1984) provided empirical and theoretical arguments that female extra-pair copulation is the primary context for sperm competition in humans (also see Baker & Bellis, 1989 , 1993 , 1995 Shackelford & Goetz, in press; Shackelford et al., 2005; Starratt et al., in press ).
Female extra-pair copulation generates the adaptive problem of sperm competition for the men to whom women are pair-bonded. One way to solve the adaptive problem of partner extra-pair copulation is for a man to inseminate into his partner more sperm when sperm competition risk is greater or more likely. Male humans appear to have evolved mechanisms for anticipating risk of partner extra-pair copulation and associated sperm competition. Bellis (1989, 1993) documented empirically that men may be physiologically designed to respond adaptively to sperm competition risk. Consistent with sperm competition theory, Baker and Bellis (1989 , 1993 , 1995 documented a large positive correlation between sperm competition risk and the number of sperm a man inseminates into his partner at the couple's next copulation. Baker and Bellis (1989 , 1993 , 1995 investigated physiological adjustments to sperm competition risk. There must also be psychological mechanisms (or information processing devices) linked to these adjustments, just as human penile erection (a physiological response) is typically accompanied by sexual arousal (a psychological response). Human male psychology appears to include mechanisms that motivate behavior that would have increased the probability of success in sperm competition for ancestral men. Psychological mechanisms designed to combat sperm competition appear to be activated when men perceive that partner extra-pair copulation may have occurred. Shackelford et al. (2002) provided the first empirical evidence of male psychological adaptation to sperm competition in humans: With a greater proportion of time spent apart from their partner since the couple's last copulation (and, therefore, greater risk of sperm competition), men reported (a) their partner to be more attractive, (b) greater interest in copulating with their partner, (c) that other men found their partner more attractive, and (d) that their partner was more sexually interested in them. These results were independent of both total time since the couple's last copulation and men's relationship satisfaction. These perceptual changes may motivate men to copulate as soon as possible with their partner, thereby entering their sperm into competition with any rival sperm that may be present in her reproductive tract. Shackelford et al. (2002) also predicted that proportion of time spent apart would correlate positively with distress following a partner's denial of his request for copulation with her. This prediction, however, was not supported statistically. In the current research, we present a new test of the prediction that the proportion of time spent apart predicts distress following denial of a request for copulation. In addition, we assess men's sexual persistence following a partner's denial of a request for copulation, and we test the prediction that distress following the denial of a request for copulation will motivate men to be more persistent in requests for copulation.
Following Shackelford et al. (2002; also see Baker & Bellis, 1989 , 1993 , 1995 Starratt et al., in press), we operationalized sperm competition risk as the proportion of time that a couple has spent apart since their last copulation. The proportion of time that a couple has spent apart since their last copulation may be information processed by psychological mechanisms that subsequently motivate a man to inseminate his partner as soon as possible, to combat the increased sperm competition risk.
Total time since last copulation is not linked to sperm competition risk (Shackelford et al., 2002) . It is the proportion of time that a couple has spent apart since their last copulation that is linked to sperm competition risk (Shackelford et al., 2002 ; also see Baker & Bellis, 1989 , 1993 , 1995 Starratt et al., in press ). As total time since last copulation increases, a man might feel increasingly sexually frustrated and increasingly interested in copulation with his partner, independent of the proportion of time he and his partner have spent apart since their last copulation. To address this potential confound, we assessed the relationships between male sexual psychology (i.e., psychological mechanisms that motivate sexual affect and cognition; see Shackelford et al., 2002 ; and for review, see Platek & Shackelford, 2006) and behaviors predicted to be linked to sperm competition risk (as assessed by the proportion of time spent apart since the couple's last copulation), independent of the total time since a couple's last copulation.
Relationship satisfaction may influence the relationship between the proportion of time a couple has spent apart since their last copulation and male sexual psychology. A man's satisfaction with the relationship might be related to his reported sexual interest in his partner. Unlike a greater proportion of time spent apart since the couple's last copulation, a man's relationship satisfaction is not clearly linked to sperm competition risk. We addressed this potential confound by investigating the relationships between male sexual psychology and behaviors predicted to be linked to sperm competition risk (as assessed by the proportion of time spent apart since the couple's last copulation), independent of a man's relationship satisfaction.
In summary, the current research tested the hypothesis that human male psychology includes mechanisms designed to attend to the risk of sperm competition as assessed by the proportion of time that a couple has spent apart since their last copulation, independent of (a) the total time since the couple's last copulation and (b) the man's relationship satisfaction. A key component of this hypothesis is that the output of these mechanisms includes increased motivation to copulate with one's partner. We generated three predictions from this hypothesis. A man's self-reported sexual interest in his partner presumably predicts his active pursuit of copulation with his partner. This leads to the first prediction: Prediction 1. A man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation will report greater sexual interest in his partner, independent of (a) the total time since the couple's last copulation and (b) the man's relationship satisfaction.
According to strategic interference theory (Buss, 1989 ; also see Buss, 2003) , negative emotions-such as anger, frustration, and being upset-signal interference with a strategy that was reproductively successful for our ancestors. These negative emotions call attention to the strategic interference and motivate removal of the interference. The intensity of the negative emotions corresponds to the intensity of strategic interference. A woman's denial of her partner's request for copulation is expected to generate distress in her partner that corresponds to the current sperm competition risk he faces, which is indexed by the proportion of time that the couple has spent apart since their last copulation. This leads to the second prediction: Prediction 2. A man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation will report greater distress following his partner's denial of a request for copulation, independent of (a) the total time since the couple's last copulation and (b) the man's relationship satisfaction.
A woman's denial of her partner's request for copulation is predicted to cause distress in her partner. This distress might, first, call her partner's attention to the strategic interference and, second, motivate him to remove the source of interference-in this case, to negotiate when the next copulation will occur. This leads to the third prediction: Prediction 3. A man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation will report greater sexual persistence following his partner's denial of a request for copulation, independent of (a) the total time since the couple's last copulation and (b) the man's relationship satisfaction.
To test these predictions, we collected self-report data from men in committed, sexual relationships.
Method

Participants
Participants were 237 men drawn from universities and surrounding communities and currently in a committed, sexual, het-erosexual relationship. The mean age of participants was 25.6 years (SD ϭ 8.1), and the mean age of participants' partners was 24.4 years (SD ϭ 7.4). The mean duration of participants' current relationship was 49.6 months (SD ϭ 63.0). Table 1 presents additional descriptive statistics.
Materials
Each participant completed a brief self-report survey. Each participant was instructed to answer the questions honestly and was reminded that his responses were anonymous. The first section of the survey collected demographic information, including the participant's age, his partner's age, and the duration of their relationship. The second section of the survey addressed the key sexuality variables. First, each participant was asked how many hours had passed since he last had sexual intercourse with his partner. Next, each participant was asked how many hours he had spent together with his partner, including sleeping time, since he last had sexual intercourse with his partner (following Baker & Bellis, 1989 , 1993 , 1995 Shackelford et al., 2002; Starratt et al., in press ).
Following Shackelford et al. (2002) , the next set of questions asked each participant to think about his feelings "at this moment in time" and to rate the following items on 10-point Likert scales ranging from 0 (much less than usual) to 9 (much more than usual): How interested is the participant in having sex with his partner? How physically attractive does the participant think his partner is? How sexually attractive does the participant think his partner is? How sexually attracted to the participant is the participant's partner?
Also following Shackelford et al. (2002) , the third section of the survey asked each participant to answer questions about how he would feel "at that moment in time" if his partner denied a request to have sexual intercourse with him. Each participant was asked to rate his resulting anger, frustration, upset feelings, and persistence on a 10-point Likert scale ranging from 0 (not at all) to 9 (extremely). Each participant also was asked to indicate whether his interest in having sexual intercourse with his partner would change if she denied his request to have sexual intercourse with him on a 10-point Likert scale ranging from 0 (I would be much less interested in sex with my partner) to 9 (I would be much more interested in sex with my partner). The fourth section of the survey (following Shackelford et al., 2002 ; also following Shackelford & Buss, 2000) asked each participant to rate his commitment to his partner and his overall, sexual, and emotional satisfaction with his partner. These ratings were provided on 10-point Likert scales ranging from 0 (not at all) to 9 (extremely).
Procedure
Upon arriving at the scheduled location, participants were handed a consent form and survey. The participants were instructed to read and sign the consent form, complete the survey, and then place the survey into an envelope, which they then sealed. Participants were asked to place the signed consent form in a separate envelope to maintain anonymity.
Results
The proportion of time the couple had spent apart since their last copulation was calculated by subtracting the number of hours that the couple had spent together since their last copulation from the total number of hours since the couple's last copulation and dividing this difference by the total number of hours since the couple's last copulation (following Shackelford et al., 2002 ; also following Baker & Bellis, 1989 , 1993 , 1995 Starratt et al., in press) Shackelford et al., 2002) . Distress following partner's denial of a request for copulation (␣ ϭ .89) is the mean of responses to three items: (a) anger following his partner's denial of his request for copulation, (b) frustration following his partner's denial of his request for copulation, and (c) upset feelings following his partner's denial of his request for copulation (following Shackelford et al., 2002) . Persistence following his partner's denial of his request for copulation (␣ ϭ .55) is the mean of responses to two items: (a) persistence in having sex with his partner following his partner's denial of a request for copulation and (b) change in interest in sex with his partner following his partner's denial of a request for copulation. Table 1 presents descriptive statistics for the key variables.
Following the analytic strategy of Shackelford et al. (2002) , we tested each of the three predictions with multiple regression. For each prediction, three predictors were entered into a regression equation predicting a single dependent variable. These three predictors were (a) the proportion of time the couple spent apart since their last copulation, (b) the total time since the couple's last copulation, and (c) the participant's relationship satisfaction. Each prediction states that the proportion of time spent apart since the couple's last copulation will predict the target dependent variable, independent of the total time since the couple's last copulation and independent of the participant's relationship satisfaction. associated t value and effect size index d (Cohen, 1988) for each of the three predictors. The first row of Table 2 shows that the greater the proportion of time that a couple has spent apart since their last copulation, the more sexually interested a man is in his partner, independent of the total time since the couple's last copulation and independent of the man's relationship satisfaction, F(3, 232) ϭ 36.60, p Ͻ .001, n 2 ϭ .324. Effect size index n 2 is interpreted as the proportion of variance in the predicted variable accounted for by the predictor variables. Cohen (1988) defines n 2 as small if n 2 ϭ .0099, medium if n 2 ϭ .0588, and large if n 2 ϭ .1379 or greater. Prediction 1 therefore was supported. Total time since the couple's last copulation did not independently predict a man's sexual interest in his partner. Relationship satisfaction positively predicted a man's sexual interest in his partner.
The second row of Table 2 shows that the greater the proportion of time that a couple has spent apart since their last copulation, the more distress a man reports in response to his partner's denial of his request for copulation, independent of the total time since the couple's last copulation and independent of the man's relationship satisfaction, F(3, 232) ϭ 2.96, p Ͻ .05, n 2 ϭ .037. Prediction 2 therefore was supported. Neither total time since last copulation nor relationship satisfaction independently predicted a man's distress in response to his partner's sexual rejection.
The third row of Table 2 shows that the greater the proportion of time that a couple has spent apart since their last copulation, the more sexual persistence a man reports in response to his partner's denial of his request for copulation, independent of the total time since last copulation and independent of the man's relationship satisfaction, F(3, 232) ϭ 3.98, p Ͻ .01, n 2 ϭ .050. Prediction 3 therefore was supported. Total time since the couple's last copulation negatively predicted sexual persistence in response to a partner's sexual rejection. Relationship satisfaction did not independently predict sexual persistence. The sexual persistence composite variable included just two items (see above), and this may account for the relatively low reliability for this variable. The correlation between responses to the two items (r ϭ .38) provides empirical evidence for overlap in the variance accounted for by the two items. Separate multiple regressions on the two items generated results identical in pattern to the multiple regressions on the composite variable (analyses available on request). Rather than present and discuss the results of these separate multiple regressions using single-item assessments of unknown reliability, we present and discuss the results of a single multiple regression using the composite variable of less than optimal but known reliability.
Discussion
This research tested the hypothesis that male humans have psychological adaptations to sperm competition. Over evolutionary history, female humans at least occasionally mated with multiple men within a sufficiently short time frame and thereby generated sperm competition (Baker & Bellis, 1989 , 1993 , 1995 Platek & Shackelford, 2006; in press; Shackelford & Pound, 2006; Shackelford et al., 2005; Smith, 1984; Starratt et al., in press) . A man equipped with psychological mechanisms that motivated him to inseminate his partner as soon as possible following his partner's extra-pair copulation would have out-reproduced a male that lacked the requisite mechanisms and therefore took no such corrective action. Shackelford et al. (2002) first documented empirically that men may have psychological mechanisms designed to address adaptive problems of sperm competition. The present research provides further empirical evidence that male psychology may include mechanisms designed to address adaptive problems of sperm competition.
Following Shackelford et al. (2002; also following Baker & Bellis, 1989 , 1993 , 1995 Starratt et al., in press), we operationalized the risk of sperm competition as the proportion of time a couple has spent apart since their last copulation. When a couple is apart, a man cannot know for certain his partner's activities. The time a woman spends apart from her partner is time potentially spent copulating with another man. A woman, therefore, is increasingly likely to be inseminated by another man with an increasing proportion of time spent apart from her partner since the couple's last copulation (Baker & Bellis, 1989 , 1993 , 1995 Shackelford et al., 2002; Starratt et al., in press). We tested and found empirical support for three predictions derived from the hypothesis that male psychology includes mechanisms designed to attend to the proportion of time a couple has spent apart since their last copulation as an indicator of the risk of sperm competition. Replicating the results of Shackelford et al. (2002) , we found that a man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation reports greater interest in copulating with his partner. We extend previous research by documenting that a man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation also reports greater distress and greater sexual persistence following his partner's denial of a request for copulation. These effects of the proportion of time spent apart since the couple's last copulation are statistically independent of the total number of hours since the couple's last copulation. Therefore, it is not that these men are simply sexually frustrated. Total time since the couple's last copulation has no independent predictive effect on two of the three dependent variables that we examined. Total time since the couple's last copulation negatively predicted men's persistence following sexual rejection by their partner. Perhaps men who report greater persistence following copulatory denial would consequently tend to experience shorter total time between in-pair copulations. The effects of the proportion of time spent apart since the couple's last copulation also are statistically independent of the man's relationship satisfaction. Regardless of his satisfaction with the relationship, a man who has spent a greater proportion of time apart from his partner since the couple's last copulation appears to be motivated to inseminate his partner sooner than a man who has spent a greater proportion of time together with his partner since the couple's last copulation. Consistent with previous research (Shackelford et al., 2002 ; also see Buss, 2003 , for a review), a man's relationship satisfaction does independently predict his sexual interest in his partner.
The results of the current research are consistent with the results of previous research investigating adaptation to sperm competition in humans, notably Shackelford et al. (2002) and Gallup et al. (2003) . Gallup and his colleagues, for example, predicted and documented relationships between a man's suspicions of his partner's sexual infidelities, physical separation from his partner, and a man's copulatory behaviors upon physical reunion with his partner (e.g., engaging in deeper copulatory thrusting following physical separation). Whereas in the current research (and in Shackelford et al., 2002; Starratt et al., in press; also in Baker & Bellis, 1989 , 1993 , 1995 , risk of sperm competition was assessed as the proportion of time spent apart since the couple's last copulation, Gallup et al. investigated copulatory behaviors after a period of physical separation (as an assay of sperm competition risk) but did not assess the total time since last in-pair copulation or the time spent apart since last in-pair copulation. Gallup et al.'s methodology, therefore, does not allow one to eliminate the alternative, sexual frustration interpretation of the results discussed above.
Despite these and other methodological differences between the current research and previous research investigating adaptations to human sperm competition (reviewed in Shackelford et al., 2005) , a coherent set of results is beginning to emerge. The current research adds to a rapidly growing literature indicating that sperm competition is likely to have been a recurrent adaptive problem confronted by ancestral men and that this adaptive problem led to the evolution of adaptive solutions to sperm competition (e.g., Baker & Bellis, 1993; Gallup, Burch, & Berens Mitchell, 2006; Gallup et al., 2003; Goetz et al., 2005; Kilgallon & Simmons, 2005; Klusmann, 2002 Klusmann, , 2006 Platek & Shackelford, 2006; Pound, 2002; Shackelford, Goetz, Guta, & Schmitt, 2006; Shackelford et al., 2002; Shackelford & Pound, 2006; Shackelford et al., 2005; Smith, 1984; Starratt et al., in press; Wyckoff, Wang, & Wu, 2000) .
The current research has several limitations. One is a sample limitation. The mechanisms that may have evolved in response to the adaptive problems of sperm competition are proposed to be universally present in male psychology. The current sample included mostly young men at or around a university in a large metropolitan area. Future research must sample men from different socioeconomic, age, educational, ethnic, and cultural groups. If similar results are documented in diverse samples, this would provide evidence of the universality of male psychological adaptations to sperm competition.
A second limitation of the current research is a design limitation. We secured single assessments of feelings and desires that were predicted to covary with the proportion of time spent apart since the couple's last copulation. The nature of this design precludes a causal analysis of the relationships between sperm competition risk and the psychological reactions to sperm competition risk. It would be valuable to assess these relationships over an extended period of time, such as in a 1-month daily diary study. A daily diary study of couples in a committed sexual relationship would allow for a causal analysis of predicted relationships, such as the relationship between the proportion of time that the couple has spent apart since their last copulation and a man's interest in copulating with his partner.
A third potential limitation is a methodological limitation. We secured assessments of men's distress and sexual persistence following their partner's hypothetical denial of a request for copulation. A better test of this prediction may require that a participant report his distress and sexual persistence following his partner's most recent denial of a request for copulation since the couple's last copulation. Distress following a partner's actual denial of a request for copulation then could be regressed on the proportion of time spent apart since the couple's last copulation, total time since the couple's last copulation, and the man's relationship satisfaction. This analysis strategy may have problems, however. The analysis would need to be restricted to men whose partners had denied them copulation in the interim since the last in-pair copulation. There might be factors unknown to the researcher that differentiate a man who does and a man who does not report that his partner has denied him sexual access.
The current research can be extended in several different directions. Although we found that a man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation reported greater partnerdirected copulatory interest, this relationship could be moderated by men's perceptions of their partners' likelihood of infidelity, independent of time spent apart from their partner since the couple's last copulation. For example, some women-such as those mated to men with high developmental instability (e.g., high fluctuating asymmetry)-may be more likely to engage in extrapair copulations (Gangestad, Thornhill, & Garver-Apgar, 2005b) . We might, therefore, predict that the relationship between the proportion of time spent apart from partner since the couple's last copulation and men's partner-directed copulatory interest would be greater in men with high fluctuating asymmetry than in men with low fluctuating asymmetry.
Future research also might investigate other variables potentially affected by partner absence. For example, a man who spends a greater (relative to a man who spends a lesser) proportion of time apart from his partner since the couple's last copulation might report, if rejected sexually, the use of sexual coercion at the couple's next copulation. This hypothesis is in line with recent research suggesting that sexual coercion in the context of an intimate relationship may function as a sperm competition tactic (e.g., .
The current findings also have implications for other nonhuman species. Behavioral data, for example, can be collected to examine the relationship between sexual persistence and sperm competition risk. Attempted mounts, for example, could be measured following partner absence. Moreover, stress hormones could be assayed in males who have been returned to female partners who are not interested in mating. Rats (e.g., Rattus norvegicus) might make an appropriate model for such tests as it has been demonstrated that rats adjust the number of sperm they inseminate according to the amount of time they have spent guarding a particular female (Bellis, Baker, & Gage, 1990 ) and according to the presence of a rival male (Pound & Gage, 2004) .
In conclusion, a large body of research has documented the existence and adaptive functioning of mechanisms apparently designed to solve the adaptive problems of sperm competition in many different animals. The current research provides new empirical evidence that human male psychology also may include mechanisms designed to solve the adaptive problems of sperm competition. We are not aware of a theory other than sperm competition theory that can account for the predictive utility of the proportion of time spent apart since the couple's last copulation, independent of the total time since the couple's last copulation and independent of men's relationship satisfaction. The current research adds to a growing literature indicating that male humans, like the males of other socially monogamous species, may have psychological mechanisms that are designed to address adaptive problems of sperm competition.
